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(M) Automatic resetting protection device to counter short circuits in the on board electrical system of 
motor vehicles. 


fli7) An automatic resetting protection device to 
counter short circuits in the on board electrical sys- 
tenn of motor vehicles, which is inserted between the 
battery's positive pofe and the branch point of the 
vehicle eiectncal system. A contact relay is pro- 
vided, in series to a connection cable between the 
positive pole and the branch point, for the breaking 
of the connection. 
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This invention -efers to an automatic resetting 
protection device to courter short circuits in tne on 
boara electrical iiystern o'' motcr vehicles. 

Tfit ofi boar.J electrical system of r^iodern rno- 
tor vehicles tias reached levels cf cun-piexity and 
magnitL.dr3 which were unthinkable just a few years 
ago. this IS cue to the increasing use of no: only 
the electronic ccntrol of chass.s motors (ABS. ARS 
power steering, 4WD). but also to the adoption of 
various servo-ac:uators such as electnc seats, elec- 
tric side mirrors, power windows, door locks, air- 
conditioning etc. 

It can be said that there is no oart of the 
bodywork, of the finishing or of the frame .^h,ch 
remains untouched by cables, connections or elec- 
tric actuators. 

This e> tensive use of the wmng harness, its 
placement in metal boxes and its passage through 
holes in the sheet metal give nse to problems of 
accidental short-circuits which could seriously dam- 
age the iTK^tor vRhicle or wnrse 

If we pxcludo short cirru»ts which occur on 
nser equipments, which are i.sually protected by 
individual fuses or fuses which are common to 
mote then one oiece of equipment, there are two 
types of trigger situations for short-circuits in the 
on board electrical system. 

The first type of short circuits, normally inter- 
mittent, might be caused by the pmchmg of the 
cables against the sheet metal or by the rubbing of 
the insulating material against metal edges as a 
result of vibrations, atmospheric conditions or like- 
wise which might occur during the whole life of the 
motor vehicle. 

The second type of short-circuits might be 
caused by a collision which deforms the vehicle's 
chassis and bodywork and so pinches the tension 
cables between metal areas. 

At this point it is worthwhile refernng to a 
general diagram of the vehicle electrical system in 
order to clarify the terms of the invention. 

In figure 1 a basic diagram of a typical car 
system is shown. 

An alternator 11. a battery 12. an electric start- 
er 13 are shown 

The alternator 11 and the battery 12 are con- 
nected by means of a cable 14 indicated by A - B 
through which the current frorTi the alternator runs.' 
i-e. the maximum current equal to that of the al- 
ternator. 

The length B - C is a large diameter cable 15 
through which the current for the starter 13 runs, 
equal to a few hundred amperes - 

Through the cable 16. shown by the length B - 
D, from the battery to the branch point D. ail the 
current absorbed by the unit 17 passes. 

Ler^gths D - 1, D - 2 D - N are lengths 

from the branch point D to the corresponding p-o- 
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tection fuses shewn by Fi. F2, 
also oe physical y cor-.ained o- 
or partly, into a fuse carrier unit. 

The lengih 18 betweefi D - Ch and the 
brancties a), b). t^tc frurn the brancfi point D to 
the key sw tch and to the subsequent branches a), 
b). c;. etc.. are not protected by fuses. A fuilher 
section D - Ch - 5 with a corresponding protection 
fuse r3 or fuses s aisc connected to this length. 

It can be seen that there .s a whole harness 
area, consisting of live cables, where there is no 
fuse prelection or any otnor break means against 
short-circuits. This concerns all the b^-anchos men- 
tioned above. Indeed recently, partial or total pro- 
tections of said cables have been realized by 
means of large fuses (100 ^ 150 A) wth suitably 
delayed-action or by nneans of reduced diameter 
cable lengths, the so called fuse links, which are of 
such a size as to fuse if there is a short-circuit and 
so insulate the system. 

It should he noted ^har the -ysterr shown in fig. 
1 IS in reality partly installed in the en.^me compart- 
ment and partly m the dashboard, that is to say in 
the fuse carrier unit under the dashboard and in the 
key switch on the steenng column. 

Apart from a few exceptions as mentioned 
above, the live cable area has never been pro- 
tected for many reasons, some of which are listed 
below. 

The lengths A - B, B - C and B - Djn the 
engine compartment, are large m diameter, usually 
10 + 16 mm2 and so they maintain their assembly 
positions, therefore if the lay-out and blocking 
means are chosen correctly these lengths do not 
present any problems apart from the need to check 
their deformation m the case of a frontal collision. 

Furthermore any large electromagnetic switch 
tn series to the positive pole of tne battery ,s 
economically expensive as it must have a current 
carrying capacity which is adequate for the require- 
ments of the starter motor, keeping in mind that 
there can even be jumps of 500 A. Another dis- 
advantage of this type of protection would be its 
lack of effectiveness as it cannot fulfill its task if 
short-circuits do not occur above said caoacity. 

To these points there must be added the fact 
that in the past, the engine compartment was 
generally less crowded and therefore even in the 
case of a collision it was easier to avert the danger 
of contact with electrical cables. Furthermore the 
designers have always been reluctant to install a 
total cut-off device of the electhcal power, which if 
inappropriate could be the cause of serious harm 
to the driver. 

As pre^/iojsly mentioned there are protection 
systems for a part or for all of the hve cables by 
means of fuses, the so caileo fuse link. 
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Protection by means of one or nnore fuses for 
the live cables, since they nnust have a a large 
current carrying capacity to allow the systenn high 
operating current to paijs, raises doubts about its 
full coverage of any type of breakdown in the 
protected area 

There are, however, internnittent breakdowns or 
tennporary accidental contacts which do not pro- 
duce sufficient current for the said means to inter- 
vene but create a significant increase in tempera- 
ture with the possible consequence of fire due to 
the pinching of cables against the shoot metal or 
abrasion of the insulating material. 

Furthermore in the first type of short circuit 
mentioned, which can occur mostly in the part of 
the system downstream from the protection fuses 
as shown in fig. 1, the currents can be perceived 
as moderate overloads since they are limited by 
the cable resistance and, as such, do not cause the 
intervention of the corresponding fuses. 

In this case a fire might be started which 
cannot be eliminated by removing the key if the 
part concerned is not controlled by the key. 

Therefore it can be said that large fuses or 
even electromagnetic switches, positioned in series 
in the length B - D, prevent full short-circuits in the 
case of frontal collision, but do not prevent partial 
or temporary short circuits in which the current 
may be lower than that necessary for the said 
fuses to fuse. 

Furthermore in the case of a rear or side 
collision or in the case of abrasion of the cables 
downstream from the fuses, shown by F1 + FN in 
fig. 1, as already stated the current may not be 
sufficient to fuse the corresponding fuses F1 + FN 
nor even the general fuse positioned on the length 
B - D The increase in heat may however be high 
enough to start a fire which often cannot be elimi- 
nated by removing the key. 

The main aim of this invention is to realize a 
device which prevents these situations, by creating 
protection means with almost total coverage both 
for possible short circuits in the case of a collision 
and for those short circuits occurring in any part of 
the system, which are perceived as overloads not 
able to induce the intervention of the corresponding 
fuses. 

With this aim in mind an automatic resetting 
protection device to counter short circuits in the 
motor vehicle on board electncal system has been 
realized, characterized in that it is inserted between 
the positive pole of a battery and the branch point 
of said electrical system, in series with a cable 
linking said positive pole and said branch point and 
provided with a contact relay capable of breaking 
said connec:tion. 

The structural and functional characteristics 
and the advantages of a device according to this 


invention are best understood from the detailed 
description, by way of example only, which refers 
to the attached diagrammatic drawings in which: 
Fig. 2 is a general diagram of a vefiicle elec- 

5 trical system including an automatic resetting pro- 
tection device to counter shc»rt circuits according to 
this invention and 

Fig. 3 IS a working diagram of said device. 
With reference to fig. 2 a live branch B - C 

10 carrying a strong current is shown, which is in- 
stalled and fixed so that it is not affected by any 
short circuit in the case of a collision. 

A protection device 21, realized according to 
the invention, and the cable length B - B* are 

15 installed and appropriately protected against any 
frontal collision. Such protective measures depend 
on the type of engine compartment and its layout. 
The device 21 can be mounted in a place sheltered 
by the battery 22 or incorporated into the pole itself 

;>o if such a position is considered sufficiently safe in 
the possible impact situations. A recharging cable 
A - B" is connected, downstream from the device 
21, for example, to the node B". 

This said, the system downstream from the 

25 node B" is totally protected by the device 21 as 
will be described further on, in that it disconnects 
the whole system downstream from B" if there is a 
short-circuit in any section of the live cables. 

If the case tnat a distant part of the system 

30 downstream from the key or any of the protection 
fuses F1 + FN short circuits due to a current lower 
than the current necessary for the intervention of 
the corresponding fuse, the simple disengagement 
of the key causes the device 21 to limit the short- 

35 circuit to far less than 1A, thus preventing any 
damage to the system or to the soundness of the 
motor vehicle. 

The way of working of the device 21 is de- 
scnbed with reference to fig. 3 which shows a 

40 preferred but non limiting embodiment. 

The device 21 consists of a relay X of which 
the contact X' is a system sectioning means posi- 
tioned between point B', which is connected to the 
positive pole of the battery 22, and point B*' from 

45 where all the system starts, and which operates as 
a branch point in the electrical system of the ve- 
hicle. 

In series with the contact X' a shunt Sh is 
inserted, which can absorb the current of a short 

50 circuit. In parallel to the contact X' a resistance 
PTC with a positive temperature coefficient and a 
resistor RO are inserted. Said resistance PTC re- 
presents a flow path for the current from the bat- 
tery 22 to the system wfienever the contact X' is 

bb open. This path, thanks to the inserted PTC, does 
not allow currerit, above a set value, to pass. This 
depends on the type of PTC used; generally a 4A 
PTC is sufficient. If the contact X' is open, which. 
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as will be explained further on, can be happen 
either because there has been a ch,... ....... 

because the ignition key contact has been opened 
Ute currer,:, cue to tt.e e'-fect of a„ uve-load n the 
system Uownstrean, tends tu yxtet^d said valuy 5 
then the PTC ,n a time inve.'sely p-oportionate to 
sa,d CLrrent strength, auto-natically increases its 
resistance thus greatly restricting the actual current 
growth 

The groups of components Rl. R2. RS. R4 Cl w 
C2 consist Q.- voltage dividers and corrosponding 
voltqgo filters across tno shunt SH. A ccmparator C 
indicates when a lail ,n voltage on the shunt Sh and 
(therefore the current) r ses above a determined 
level, typically 120 . 15OA. If this happens, the 
output of the comparator C reaches high levels 
The comparator C is equipped with appropriate 
hysteresis consisting of a group R6, TR5 so that 
once It has been triggered dee to an overload it 
memor,,^es said situation, even if the current is 
(ntorrupted due to the opening of th., contact X' in 
the relay X. This prevents -he cycl,,- opening and 
Closing of tne relay on a short-crcuit .xcurrence 

The relay X ,s controlled by an appropriate 
safety circuit: in fact it ,s fed from the positive end 
by means of the transistor TRi and from the 
giound end by means of trans stor TR2 The pres- 
ence of the key ,n the ON position ,s sensed by 
the circuit D2, C4 which by means of the resis- 
tance R9 controls the base of the transistor TR2 At 
the same time it also controls the transistor TRi bv 
means of R7, TR3 ana R8. 

If there are no faults in the system downstream 
from B",the presence of the key CH in the ON 
position results in the energizing of the relay X and 
the consequent closure of the corresponding con- 
tact X' Likewise the opening of the key Oh in 
other words when it is in the OFF position, results 
in the de-energizing of the relay X and the openinq 
of the contact X' The output of the comparator C 
determines, through a filter Rg, C3, the state con- 
ductivity or non-conductivity, of the transistor TR4 
wHicn m turn determines respectively the non-con- 
ductivity or conductivity of the transistor TR3 then 
of TRI and finally the de-energ,zing or energizing 
of the relay X. In effect, whenever the current on 
the Shunt Sh is measured as being eve- the preset 
level, the output of the comparator C „ses to high 
levels and. through the above mentioned chain 
results in the de-energizmg of X and the con- 
sequent opening of the contact X'. 

The presence of an ignition key signal by 
means of the group D3, C5, Rio, that is to -ay 
When the key Ch ,s in the ON position, results ,n 
tl^e activatiun ol tl,e hysteresis of the comparator 5. 

The hysieretis on the comparator lasts for an 
adequate length of time after the comparator C lias 
caused the de-energization of the relay X and the 
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consequent opening of the contact X', 

During this period of tine the short circuit is 
fed va PTC, RO which determines the intervention 
of the resistance PTC and the ^eru setting of the 
voltage at point B". Cori.t.que„tlv the key s,gr al 
disappears even if the the key Ch remains .n the 
ON position. This results m the transistor TR2 
being no longer controlled ard m the 'elay X' bemq 
disconnected even from the ground. 

I'> this situation the device 21 rema.ns perma- 
nently m this rostrictGd condition, whatever the 
position of the key Ch, urtu the short-circuit, which 
has caused th,£. condition, has toon dim na-cd 

However a penod o' time, several seconas 
must pass, after the el mmaton of the- short-circuit 
fo. the resitance PTC to return to its low resistance 
state at which the system normally cperates when 
the key is in the ON position 

It has already been mentioned that since we 
are dealing with a safety device the intervention o'f 
the p.notection nru.^.t he at^scluteiy guaranteed This 
guarantee ^s achieved in th^ p.oriosed nrcr.t as 
already stated, by means of a double control of the 
coil in relay X, TRl on the positive end and TR2 on 
the ground end respectively. Even tnough the 
chances of a fault in a transistor, which is posi- 
tioned in a suitably sized circuit, are e>tremely low 
the circuit shown in fig. 3, with its described redun- 
dancy, lowers the probability of a missed interven- 
tion to practically zero. 

In the circuit a low ohmic resistance RO is also 
shown, the rsistance of whicn has the aim of limit- 
ing the momentary peaks of current in the resis- 
tance PTC to a value which can be tolerated by the 
resistance PTC. 

When the system is operating normally without 
any short-circuits o- overloads, the brand" PTC - 
RO has different functions which are described 
hereinafter. 

The branch PTC - RO must allow the node B" 
to receive the battery voltage with the key dis- 
engaged, l e. with the relay X de-energized and 
with therefore the contact X' open. This allows on 
ignition, all the circuits CDnnected to the key Ch to 
be fed and allows the control panel and all its 
corresponding functions to be turned on. 

(vioreover. on ignition, it must provide a mo- 
mentary though extremely high current for a period 
of tir^ie necessary to energize tne relay X and 
close the corresponding contact X' 

The same branch must furthermore allow the 
battery 22 to feed all the loads which are required 
when the key is disengaged. 

Generally these circuits are the electronic sys- 
tems which provide lor RAM n,e,„ory devi.^e^ the 
electric clocks, tne door Icckmy-unlocking remote 
control units, the car radios. th,< anti-the-t systems 
the- parking lights with a total constant load of 
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generally less than 4A. Momentary loads, for exam- 
ple door locking operation, will not require the 
intervention of the PTC. 

Obviously if the sum of the above mentioned 
loads is [liyher on sorTie models, then a Jiigher 
current PTC must be provided. 

In this respect it is however appropriate to 
exclude the cigarette lighter from these loads, pro- 
viding for its activation only when the key is in the 
ON position. In fact, if the requirement of the ciga- 
rette lighter were included m the above loads, the 
current carrying capacity of the PTC would have to 
bo notably increased, with the consequence that 
the device according to this invention would lose 
much of its ability to select when to intervene 
against unusual overloads when the key is dis- 
engaged. 

For a similar reason, an input for emergency 
lights H. called Hazard, is provided for in fig 3, the 
input of which can be derived from one of the side 
lights. 

When the emergency lights are switched on, 
an alternating voltage appears on the input H, 
which voltage , through the diode D1. controls the 
transistors TR1, TR2 and therefore the relay X. 
This relay, in practice, is controlled by the same 
intermittence as the emergency function, thus pre- 
venting the corresponding current from flowing 
through the PTC and allowing the use of PTC 
calibrated to the said level of current. 

Claims 

1. An automatic resetting protection device to 
counter short-circuits in the on board electrical 
system of motor vehicles, characterized in that 
it is inserted between the positive pole of the 
battery and the branch point of said electrical 
system, in series with a cable connecting said 
positive pole to said branch point and a con- 
tact relay being provided capable of breaking 
said connection. 

2. A device according to claim 1. characterized in 
that in parallel to said contact of said relay a 
resistance is inserted ( whith a positive tem- 
perature coefficient) having an adequate cali- 
bration and having a current limitation resis- 
tance on said resistance with a positive tem- 
perature coefficient. 

3. A device according to claim 2, characterized in 
that in series to said contact of said relay a 
shunt is inserted capable of sensing a short- 
circuit current. 

4. A device according to claim 3, characterized in 
that it is provided with voltage dividers, cor- 


responding voltage filters at said shunt ends 
and a comparator which is capable of sensing 
a maximum current and which has a hysteresis 
to prevent cyclic opening and closure of said 
5 relay on said short-circuit occurrences. 

5. A device according to claim 1. characterized in 
that it is capable of protecting all the live 
cables connected thereto. 

70 

6. A device according to claim 1, characterized in 
that it is capable of interrupting any short- 
circuit currents in the case of a collision. 

75 7. A device according to claim 1, characterized in 
that it is capable of protecting said system 
from any overload which might arise while the 
vehicle is parked. 

20 8. A device according to claim 1, characterized in 
that it is capable of protecting said system 
from any overload from the moment the igni- 
tion key is removed. 
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